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Factors Controlling Geochemical behavior of Water Quality Parameters
— Case study of Kyunggi Bay, Yellow Sea
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To analyze factors controlling geochemical behavior of water quality parameters at the Kyunggi Bay area,
we conducted a series of statistical analysis on the water quality data collected from 61 articles/reports and
the meteorological data (1985~1998). A series of statistical approaches were conducted on the data groups
divided on the basis of salinity and water depth. The results indicated that the strongest correlation was seen
between mid-high salinity ranges at surface water. The correlation analysis between surface and bottom
waters for same salinity group showed that most parameters were significantly correlated at the cost of dif-
ferent water depth. The relationships between water-quality and meteorological parameters were also ana-
lyzed using the meteorological data measured from four monitoring stations in Kyunggi Bay. The six data
groups divided on the basis of both salinity and water depth generally exhibited abundant correlations among
most important parameters. Factor analysis (FA) was also conducted to describe major components affecting
the water-quality parameters in the study area. The results of FA indicated that the water-quality of the
Kyunggi Bay is affected most significantly by such factors as: meteorological (air temperature, steam pres-
sure), chemical (TIN, NN, PQ-P) and biological (chlorophyll-a, sunshine time, sunshine percent) factors.
The overall results of our study hence suggest the possible significance on the interactions between water-
guality and meteorological parameters.

Key words: correlation analysis, factor analysis, water quality parameter, meteorological data, Kyunggi Bay

1. M =2 E AogRE 29ty 2 5 Q) s 7B

TERE W7l deakgel Sair = AR AN o

A7) A EA Wol] EAllehe BE AHAE A o2 gi7|7xe] WSt s 9ol 9 vIA=
2219] 7)ol A-Zsh dolzitt, 7lgwshe thrlel ZAoR I £ ok o2 o= sl e
ozt AU d wdg7t FAAdE (steady- 22 Wk stz AsAgol] HzkeA uke-st
state condition)2FE] ETOTAM op|EtL B & = ol wW3lo] Folog zgEh=
Atk 27d s thr17ke] Wisks s diZlE tilEs) ZQl AAZHE Aol 7Fssitt
T8k F71¢k EEIFRl =vl4 #sE 2hgst ggoll A 7]t wislol] tigh sk, OH‘”’—TL

*Corresponding author



N
N
N
o
M)
i
o
1z
o,

SN F ShRRoke] FERAI ATE B ¥ W el Sho) AFoE ohiEy oS Wi
WO olsle]l TANE WYY £ U HokE B+ itk Ed AP} ofel e A0H T2 elsie], &
AT el A9 71E] £QED AR Qe Aoge] AW sleksielol AT FA) Y
A BN BEHH B V1Sl £ABE W AL FUT F Ak TS

R il Al BAHOR ARA 9QBAS  ofn] B APAe AW A FHoE 19859

<
I
=~
&
S

AAg vl Qo €]=re] A= Carter e FE 1998d9] 149 s<F S 6V AFAKE ¥
Washington, D.C.2] Potomac RiverolA 7|4(E<, HIAME EYE FAREE £7slo], F8 FAHS

Uxg) B FAGE, FIE, FEATARG A 59 7124 REEH] U BAL AS v o)
Z =]

(<

Shim?] W=, WAl 2YAF, FRE, THED & o] Aol F, PR 2 9] Al A)
5o REEAS A8 vk Ak frok A0S ok 2 J1Fow % ele IFoR BRI Py
BolA] e, G, 29T, G54 5L olgdle]  BUAD Aoje] FANFE AYHNOE BRI, &
NEBEYIE 0T F 2L ATE £ vk 9l Y REEYS ishen] f83lsih oleie a7
oh e olEd /1Ee) ATES 9 FARF W RIS TR, B aTeie 424wt
ARY PFaselel BAE BASH FTHE RO olBe) AFL Uk A sty A 52
2, ok & A shele] thelM sk 7] AEel] Slel the BAE 42 Ak,

oo HBR) 5ol UiE AR FHo] mFA. B ATeE A/ sl (Fig Do) Fo FARS
2 zsh ANz oAl ALY ofs) WEH 7] Bl Tl ASSH 8Q1So] ojws Yo A
E 0 BIARE olgsiel PRI FANE Fol =18 weled FHskih old BAL 918l 1314
2 QoiRY BApoR F4.BHS A%, sl okt o= Bl SeAe) WAoR PRY 18 $A4

37.64

37.4—

372+ o4

8.8
A sosan

T T T T T
\25'! \25‘0 126.2 1264 1265 1268 f2re

Fig. 1. A map of measurement locations for the water-quality (4+) and meteorological data (A) used in the study
(Kyunggi Bay, KOREA, 1985-1998).
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Table 1. Results of correlation analysis between water bodies of different salinity ranges. All data were initially grouped
by both water depth (surface and bottom) and salinity (high, mid & low salinity). Each individual parameter
measured at each water depth were analyzed for the strength of correlation

Variables Depth Low VS Mid Mid vs Hi Hi v§. .Low
salinity salinity salinity
Temperature surface 0.847(27)"™ 0.979(63)™ 0.818(24)™
bottom 0.970(19)™™ 0.987(54)™D 0.955(16)™0
Salinity surface 0.498(27)® -0.258(64) -0.048(24)
bottom 0.489(19) -0.189(54) -0.438(16)
TSS surface -0.178(26) 0.629(63)™™ -0.034(23)
bottom -0.416(11) 0.565(33)™ 0.024(6)
DO surface 0.632(23)® 0.784(59)T 0.541(22)®
bottom 0.729(15)® 0.850(50)TD 0.758(14)®
COD surface 0.365(21) 0.641(54)T -0.020(18)
bottom 0.170(12) 0.322(42) -0.272(11)
TIN surface 0.603(20)° 0.536(53)TD 0.702(18)®
bottom 0.875(15)° 0.596(43)TD 0.795(13)
NO,-N + NO4N surface 0.681(22)° 0.859(49)™ 0.689(18)®
bottom 0.762(17)° 0.741(41)T 0.658(13)
NH,-N surface 0.330(21) 0.593(49)™ 0.268(17)
bottom 0.290(16) 0.545(41) 0.322(13)
PO,-P surface 0.092(24) 0.599(55)™ 0.039(19)
bottom 0.930(17)™ 0.777(45) 0.438(13)
Si(OH),-Si surface 0.681(13) 0.743(19)™ 0.848(6)
bottom 0.558(8) 0.960(14)™ -1.000(2)
Chlorophyll-a surface 0.396(9) 0.346(16) 0.095(6)
bottom 0.967(3) 0.626(9) -
SD™ surface 0.134(14) 0.583(23)® -0.433(8)

*denotes correlation coefficient and numbers in the parenthesis are paired number of data sets.
**No differentiation was given between water depths.
I, ), () denote observed significance level (P-value) of <0.01, <0.001 and <0.0001, respectively.
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Table 2. Results of correlation analysis between different water quality parameters. Comparison was made for three
individual datagroups divided on the basis of salinity at surface water

Temp. Sal. TSS DO COD TIN NO23 NH, PO, Si Chl-a SD

Temp.(27) low salinity range

Sal.  0.09527) (27)

TSS 0.065(26) -0.00526) (26)

DO -0611(23)* 028023) 0.02023) (23)

COD 0.330(23) -0.345(23) 0233(23) 0.604(22)*(23)

TIN -042921) 026721) 0.06521) 0.73921)* 0.63830)* (21)

NO23-0.10223) 031023) 0.047(23) 0527(21) 0.186(21) 0.54820) (23)

NH, -044822) -0434(22) -0143(22) 0.62420)* 0.58320)* 0.816(20)*-0.143(22) (22)

PO, -0554(25* 0.022(25) -0.065(25) 067823)* 0.77123)* 0692(21)* 040823) 0.406(22) (25)

St 0324(13) 0103(13) 0.174(13) 0.702(11) 0414(11) 0.339(10) 0.636(13) -0258(12) 0.442(13) (13)

Chl-a 086709* -0.1719) -0086(9) 07049 0915@)* 08039* 00649 08789* 0.9449* 0455(5) (9)
SD 019314 -0487(14) -0483(13) -0451(10) -0.302(11) -0227(9) -0283(12) -0.025(11) -0423(12) -05908) -0429(6) (14)
Temp.(72) mid salinity range

Sal. -0146(72) (73)

TSS -0370(70y* -0207(71) (71)

DO -055366)* 0.31867)* 0.135(67) (67)

COD 0225(64) -0.063(65) 023665 0.180(64) (65)

TIN -016863) 021563) 0.06363) 0.13963) 031362) 63)

NO23-0.121(61) 0.076(61) 0.05960) 0285(58) 0275(58) 0.782(57)* (61)

NH, -0287(59) 025260) 0.026(60) 0.129(8) 0307(58) 0.301(G7)* 0.599(59)* (60)

PO, 001967 013268 0.11867) 0284(65) 0.133(65) 0.485(63)* 0.502(61)* 0.375(60)* (68)

Si 005633) -0.157(33) 0.087(32) -0.368130) 0.160(31) 0.192(30) 0.135(33) 0.01032) 0.03033) 33)

Chl-a 020323) 021523) 007921) 0.02021) 0586(20)* 0.064(20) 0016(22) 017320) 024922) 0.329(12) (23)
SD  0471(41)* 0233(41) -0480(40)* -026937) -0.315(37) -0220(36) -0.225(38) -0.09936) -0.205(40) -0254(28) 0.041(20) (41)
Temp.(79) high salinity range

Sal.  -0366(79)* (79)

TSS -0482(76)* 0.371(76)* (76)

DO -0507(72)* 0214(72) 0.190(71) (72)

COD 0.162(66) -0.132(66) -0.036(66) 0.439(66)* (66)

TIN -0144(64) 0.11564) -0.086(64) 0425(64)* 0.385(63)* (64)

NO23-0205(57) 0.097(57) 0.024(56) 0.526(56)* 0.537(55)* 0.730(56)* (57)

NH, 006958 -021968) -0.166(58) 0.083(58) 0.370(67)* 0.445(56)* 0.518(56)* (58)

PO, -0.005(67) -0017(67) -0255(66) 0284(66) 0410(65)* 0.36964)* 0417(:7)* 0.337(58)* (67)

Si -04783D* 033231 033130) 0.325@30) 0.328(30) -0.057(30) 0.142(31) -0.19130) 0413@31) (31)

Chl-a 030825 -0.071(25) -0.30023) -0.14823) -0.01022) -020223) 0.06924) -0.181(23) 0.521(24)* -0.206(15) (25)
SD  061039* -0.223(39) -0.530(38)* -0.244(38) -0.109(38) -0.093(38) 0.030(36) 0.071(35) 0.00239) -0.502(26)* 0.37922) (39)

*denotes observed significance level (P-value) of <0.01.
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Table 3. A statistical summary of major meterological parameters categorized by individual measurement sites in the
Gyunggi Bay region of Korea (1985.11-1998.3)

Inch'on Sosan Kanghwa Asan

mean + SE (min~max)

M.S.L. pressure (hPa) 1016 + 0.6 1017 £ 0.6 1018 + 0.8* 1017 + 0.8%
(1005~1027) (1005~1027) (1006~1028) (1006~1028)
Air temperature (°C) 115+ 0.76 11.5+0.76 10.7 £ 0.78 11.4 +0.80
(-5.00~27.2) (-4.30~27.5) (-6.70~26.4) (-5.70~28.4)
Steam pressure (hPa) 11.7 £ 0.62 11.9 £ 0.62 11.7 £ 0.89% 10.6 + 0.80*
(2.80~29.1) (3.30~28.7) (3.00~30.9) (2.60~28.4)
Relative humidity (%) 69 £ 0.7 74+ 0.5 72 £0.7 73+£0.9
(50~88) (61~88) (54~90) (43~92)
Precipitation (mm) 98.2 +10.1 97.1+9.84 110+ 125 100 + 11.0
(0.70~630) (0.00~993) (0.00~711) (0.50~1083)
Evaporation (mm) 97.2+34 34.0+3.9 775+ 4.98 84.4 + 3.6¢
(34.1~179) (0.00~148) (19.5~140) (23.8~178)
Wind speed (m/s) 3.03+0.05 2.20 £ 0.04 1.63 + 0.03 1.46 +0.03
(1.50~4.40) (1.20~3.80) (0.7~2.90) (0.60~2.40)
Cloud amount (1/10) 47+1.1 50 + 1.0 44+ 161 49+ 148
(23~83) (23~83) (21~79) (23~179)
Sunshine total time (hr) 201 +3.14 186 + 3.63 198 + 3.66 204 + 3.60
(107~291) (94.5~274) (88.4~298) (92.3~289)
Sunshine percentage (%) 55+ 0.8 50+ 0.9 54+0.9 55+ 0.8
(25~74) (5.3~69) (20~78) (23~77)

A, B and C denote number of data (A=75, B=62, C=137 and the others=149).
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Table 4. Varimax rotated factor loading matrix for water parameters and meterological variables of Kyunggi Bay (mid

salinity)
. Mid salinity-surface factors Mid salinity-bottom factors
Variables om. Com.
1 2 3 4 1 2 3 4 5

Water temp. 0.93 0.32 97 0.66 -0.26 -0.66 0.10 0.22 99
Salinity -0.83 0.41 85 -049  0.75 80
TSS -0.85  -0.26 80 -0.69 054  0.16 -0.14 82
DO -0.93  -0.20 0.15 93 -0.55 0.77 91
COD -0.23  -0.26  0.72 0.18 67 -0.58 0.39 0.15 0.41 0.23 73
TIN 021 0.95 95 0.87 0.29 0.38 99
NO23-N 019 093 -0.13 91 0.32 0.18  0.82 -0.30 91
NH,-N -0.38  -025 0.79 0.28 91 0.93 0.26 96
PO,-P 0.91 0.12 85 018 0.93 0.23 0.13 97
Si(OH),-Si 0.42 020 0.71 -0.29 80 0.31 0.11 0.91 -0.16 97
Chlorophyll-a -0.25 0.80 71 -0.14 019 0.68 0.54 81
SD 0.45 0.50 -0.51 0.23 77 - - - - - -
S.L. pressure -051  -0.77 -012 -0.23 92 -0.97 94
Air temp. 0.83 0.55 0.12 100 0.86 -011 -0.44 0.20 99
Steam pressure 0.77 0.59 0.18 96 086 -0.13 -0.36 0.23 95
Relative humidity  0.66  0.69 017 -0.21 97 0.91 -0.31 0.19 -0.11 99
Precipitation 048 0.74 0.42 96 0.83 -0.21 0.50 98
Evaporation 0.64 0.54 0.24 0.43 95 0.87 0.16 -0.13 0.42 98
Wind speed -0.85 0.23 0.35 90 043 0.86 0.13 94
Cloud 033 0.83 012 -0.37 95 0.90 0.21 -0.29 94
Sunshine time 0.31 0.10 0.89 91 0.20 0.18 -0.34 0.86 93
Sunshine % -0.69 0.69 95 -0.78 -0.17 0.59 98
Eigenvalue 6.6 5.2 5.1 2.7 8.1 3.8 3.2 2.5 2.0

% variance 30.1 23.4 23.3 12.2 38.6 179 15.1 11.8 9.4
Cumm. 30.1 53.6 76.9 89.0 38.6 56.5 71.6 834 92.8

Com.: Communality (percent of maximum variance)
Cumm.: Cummulative percent of variance
Factor values below 0.1 are not provided in the table.
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